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SUMMARY

An investigation has been conducted to determine the effects of two
types of propeller-spinner Jjunctures on the pressure-recovery character-
istics of an NACA l-series D-type cowl with an NACA l-series spinner,
in combination with & four-blade single-rotation propeller. Ram-recovery
ratio was measured in the duct with the propeller removed and with the
propeller operating. The two types of propeller-spinner junctures tested
consisted of an "ideal" juncture, formed by extending the propeller blade
to the spinner surface and sealing all geps, asnd a platform Juncture,
which consisted of an airfoil-shaped land integral with the gpinner sur-
face with provisions for changing the propeller-blade angle. The data
were obtained at inlet-velocity ratios from 0.26 to 1.33 at Mach numbers
from 0.20 to 0.83 at a Reynolds number of 1.77 million, based on maximum
diemeter of the cowl. The effects of the two types of propeller-spinner
Junctures were investigated at various advance-~-dismeter ratios for
propeller blade angles of 60°, 50°, and 40°, with the platform juncture
beigg set to aline with the propeller blade at a propeller blade angle
Lof 0°.

With the propeller removed there was no effect of Mach number on the
pressure recovery, and for inlet-velocity ratios below O.4 the recoveries
decreased rapidly. The addition of th¢ propeller resulted in & decrease
in the recovery at a given inlet-velocity retio and Mach number, and also
increaged the minimum inlet-velocity ratio necessary to avold excessive
losses. -

. Little difference was obtained in the ram-recovery ratio for the
ideal and platform junctures, except for a propeller blade angle of hO
where the platform juncture was superior to the ideal Jjuncture.
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With the propelleér operating ahead of the inlet, the ram-recovery
ratio increased: with increasing inlet-velocity ratic up to an inlet-
velocity ratio of 0.8, except for the platform juncture with the
40° propeller blade angle.  Above this value, inlet-veloecity ratio had ~
little or no effect or the ram-récovery ratic.- For the platform junc- - ST =
ture with the propeller blade angle at 40°, the pressure recoveries g
were relstively constant above an inlet-velocity ratio of 0.6. Below
an inlet=velocity ratio of 0.6, the recoveries decreased rapidly.

The effect of advance-diameter ratic and the effect of Mach number T e
(propeller operating) on .the pressure recoveries. was quite small. e

INTROCDUCTION oL . o

A growing interest in the utilization of the turbine-propeller o R
type of power plant for moderately high-speed long-range airplanes has T
led to a need for data on the effects of the propeller and the propeller-
spinner Junctures on: the pressure-recovery characterigtics of a cowling-
splnner combination, _The efficiency of the air-induction system has a .~
large effect on the power and the fuel ecohomy of a gas-turbine engine —
(reference 1). In the case of the cowling-spinner-propeller combination,
the induction efficienry can be quite low ag a respult of interference
effects of the propeller blade shanks and pressure losses’ due to the . ...
spinner boundary layer. ' o

Previous investigations at low speeds (references 2 and 3) have. T
been conducted to determine the effect of the spinmner and the propeller T
on the preseure recoveries in the duct. The design charts available in. S '
reference 2 were used in the present investigation to select a cowling-- ===
spinner combinsation having a high.critical Mach pumber and & high intake L
efficiency.

The purpose of this investigation waa to study the effects of two i
types of propeller-spinner Junctures, in combination with a four-blade - i
single~rotation propeller, On pressure-recovery characteristics of an . B
NACA 1-series D-type cowl with an NACA l-series elliptical splnner. R
The investigation was conducted at Mach numbers up to 0.83 for various
advance-diameter and inlet-velocity ratios in order to determine the
relationship of these parameters to the recoveries in the duct. These . _
tests were made with the cowl at an angle of attack of 0°.

The results of this investigation conducted in the Ames 12-foot - wE T
pressure wind tunnel are presented herein. e
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SYMBOLS

A cross-sectional ares in a plane perpendicular to the model

center line, square feet
a gpeed of sound, feet per second
b propeller blade chord, feet
ey a propeller blade section design 1ift coefficient
D propeller dismeter, feet
B total pressure, pounds per square foot
E,-Po - -

ram-recovery ratio
Ho-po .
h propeller-blade thicknegs, feet
M Mach number ( \Tar >
m mass flow (pAV), slugs per second
p-A.V
ik mass-flow ra‘bio( t2 1)
Mg p01:1:’0
n propeller rotational speed, revolutions per second
P . static pressure, pounds per square foot
R maximum radius of propeller measured from the center of
A\

rotation < %) s Teet
r . radius from.center of rotation, feet
v velocity, feet per second
Vo
— advance-diameter ratio
nD
Vi
7 inlet-velocity ratio

o _ Y
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X total length along the lor.gitudinal axip of any cémponent of the
model such as the cowl, spinner, or inner 1ip, inches
X distance along the longitudinal axis from any reference, such
as the leading edge of the cowl, spinner, or inner 1lip, inches
o} : mags density of sir, slugs per cubic foot
B propeller blade angle at 0.75 R
Subscripts
o free stream
1 ram-recovery rake location
c cowl
i inner 1ip
8 spinner - . B . L .o Wle e . I
MODEL

The l/5-scale'mo&el, uged in thieg investigation, was mounted in
the test section of the Ames 12-foot pressure wind tunnel as shown in
figure 1. A sketch of the general model arrangement, showing the princi-
pal model dimensions, 1s.shown in figure 2. Coordinates. for the model
cowling-spinner combination are shown in table I, _The four-blade
singie-rotation propeller was driven by means of a lOOO—horsepower
electric motor. o . )

Design Conditions

The model investigated simulates a cowling-spinner cambination for
a turboprop installation having the following design requlrements:

Operating altitude, feet . . « . « .
Flight Mach number (cruise) S
Power pl&n’b- e ¢ s o o o o e o & e # e e a Tllrboprdp

L] L2 ) .. . [ ] [ ] L ] 35,o®
Power regquirements (design altitude and speed),

LA A S
hOI‘SGPOVer e 8 s &8 " & e & s 8 s & s e W

Engine air flow, pounds per second « . . . .
Maximum cowling dlameter, Inches s & a o @

L

+ « - 5,000 to 6,000
e s e s e e s« hO

e s e 4 e e e T0
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Cowling-Spinner Combination

The cowling-spinner combination, selected to comply with the design
condition, consisted of an NACA 1-46.5-047 spinner and an
NACA 1-62.8-070 D-cowl. The 1-46.5-047 gpinner wes chosen as the
smallest spinner which would enclose a representative propeller hub
assembly. The NACA 1-62.8-070 D-cowl was selected, with an NACA l-series
inner 1ip to avoild separation at the high inlet-velocity ratios, in
accordance with design charts of reference 2, for a design critical Mach
number of 0.75 and & design inlet-velocity ratio of 0.42. Coordinates
for the l/5-scale model, as shown in table I, were calculated from the
NACA l-series nondimengional coordinates of reference 2. In order to
very the inlet-velocity ratio, & sliding throttie was incorporated in
the duct (fig. 2). ,

Propeller

The NACA %-(5)(05)-041 four-blade single-rotation propeller was
designed, in accordance with the method of reference 4, to operate at an
- advance-diameter ratio of 3.7 and a blade angle of 60° (0.75 R) at the
design condition. This design was for a full-scale propeller, 20 feet
in diameter, having NACA 16-series sections. Plan-form and blade-form
curves for the propeller are shown in figure 3.

Propeller-Spinner Junctures

Two types of propeller-spinner Junctures were tested. These were
deslgnated as an ldesl Jjuncture and a platform Juncture, both having a
thickness-chord ratio (h/b) of approximately 0.24k and the coordinates
of an NACA l6-series airfoil section. The ideal type of propeller-
spinner juncture (fig. 4) was formed by extending the propeller blade by
use of filler blocke to the surface of the spinner and sealing all gaps.
The discontinuity, noticeable in figure 4, between the propeller blade
and the filler block regulted from designing the filler block from the
extended b/D curve of figure 3 with the maximum diameter being that of
the propeller sghank. In order to chenge the blade angle, a separate .
set of filler blocks .were required for each blade-angle setting. The
platform juncture (fig. 5) consists of an airfoil-shaped land that is
mounted integrally with the spinner at a predetermined angle. This
angle was selected so that the propeller shank would be in alinement
with the land at the design propeller blade angle of 60° measured at

- the 0.75 radius. The gap (0.025 in. between the land and the propeller
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blede) was located outside the spinner boundary layer in-order to . ) LLooom
increase the pressure recoveries (reference 3). ' ST ;

Instrumentation of the Model ' oo s

In order to determine -the ram-recovery ratio and inlet-velocity o -
ratio, six survey rakes were lacated in the duct at a station 2.8 inches .
aft of the leading edge of the cowl. ' These consisted of four shielded .. - - - -=
total-head rakes located 9Q° apart and two static-pressure rakes RS
located 180° apart, as shown in figure 6. e

Total-head rakes.- Each total-head rake conslsted of eight tubes
disposed radially across the duct and spaced in such a manner that each C e
tube was located in the center of. an .area equal to one-thirty-seccnd of ToLT
the total duct area. . . - . s

In order to eliminate the effects of alr flow rotation on the-rake,
the total-head rakes were ghielded. It was felt that the ghielding was
only required in one direction, normal to a circumferentlal rotation,
due to the rake being located far encugh back in the duct so that any : s
angularity of the flow due to the inner lip was eliminated. On this D g=
besis, the shielding was designed, in acvordance with.reference 5, as :
two cambered alrfolls spanning the duct from the inner surface to the . P
outer surface (fig. 6). Calibration of these rakes indicated that - - e =W
the rakes were reliasble within 1 percent of the impact pressure at angles -
of attack up to 40° for Mach numbers up to 0.85.

|

Static-pressure rakes.- The static-pressure rakes copsisted of
eight tubes disposed radially across the duct with the tubes being
located at. the same radial stations used for the total-head rake. These
tubes were slternately displaced circumferentlally to prevent interference .
in the flow about the individual tubes. No attempt was made to calibrate e it
the static rekes as they were considered ta.be within the accursacy C
required for the calculation of the inlet-velocity ratio.

TESTS AND REDUCTION OF DATA : .

Pressure-recovery surveys were conducted with the propeller removed L=
and with the propeller installed (idesl and platform propeller-spinner = - <=
Junctures). With the propeller removed, tests were made at inlet-velocity
ratios: ranging from 0.26 to 1.33 and for Mach numbers from Q.20 to.0.83..
The tests with the propeller operating were made at three blade angles B
for various inlet-velocity ratios, Mach numbers, and advance-dismeter - -
ratios, as tabulated: ) w

. .
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Propeller blade Mach "Inlet-velocity Advance-diameter
sngle, degrees Juncture number, ratio, rat}o
(g, 0.75 R) type Mo . V1/Vo Vo/nD
60 Ideal  .0.83 0.31 to 1.00 3.20 to k.15
€0 .79 .31 to 1.02 3.17 to k.29
60 ' T .69 .31 to 1.10 3.06 to k.36
60 - : .59 L2 to 1.27 2.90 to k.50
50 .59 . .39 to 1.29 . 2.4k to 2.96
50 .39 .39 to 1.28 2.00 to 3.05
40 .39 .37 to 1.26 1.67 to 2.10
4o .30 .36 to 1.26 1.50 to 2.12
ko ¥ .20 .37 6 1.24 1.30 to 2.10
60 Platform .83 .30 to . .84 3.15 to L4.16
60 .79 .27 to .80 3.18 to 4.2k
60 .69 .30 to .84 3.05 to L.k2
60 .59 .32 to .81 2.95 to L.4h
55 .59 .37 to 1.27 2.36 to 2.96
50 .39 .39 to 1.27 2.06 to 3.00
%0 .39 .38 to 1.28 1.68 to 2.10
Lo .30 .35 to 1.26 1.50 to 2.15
40 v .20 41 to 1.2% 1.30 to 2.10

Conversion of the inlet-velocity retio to mass-flow ratio (ml/mo)
can be readily accomplished by the use of figure 4 of reference 6. The
thrust coefficient (T.) varied from O to 0.040 for a propeller blade
angle of 60°, O to 0.066 for 50°, and O to 0.143 for 40°.

A1l of the tests were conducted at an angle of attack of 0° and a
Reynolds number of 1.77 million, based on the maximum diameter of the
cowl.

The inlet-velocity ratlos were calculated in accordance with the
method of reference 6. The ram-recovery rstios were obtained from an
arithmetic average of the total-pressure readings, which is equivalent
to an area-weilighted average. For the radiasl distributions, the recov-
eries were obtalned from an average of the four total-pressure readings
at each respective radial location, and for the remaining figures the
recoveries were obtained from an average of all 32 total-pressure
readings. : : :
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The effects of constriction due to the tunnel walls on the free-
stream Mach number and dynamic pressure were estimated by the method of
reference 7.

RESULTS

The data have been presented for the two types of propeller-sgpinner
Jjunctures in such e manner that. they are readily comparahle for the
parameters lnvestigated.

Ram-recovery ratios across the duct are shown in figure 7 for .
various inlet-velocity ratios and Mach numbers, with the propeller

removed. Figures 8 through 16 show the variation of ram-recavery ratio”;:

across the duct, with the propeller installed, for various inlet-velocity
ratios, Mach numbers, and propeller blade angles. Figures 17 and 18

show the effect of advance-diameter ratio on the recoveries in the duct

for several inlet-veloclty ratios, Mach numbers, and propeller blade
angles. Figures 19 through 22 show the effect of Inlet-velocity ratio
on the pregsure recovery for several advance-diameter ratiogs and Mach
numbers. Figure 23 shows a comparison of the ram-recovery ratios _
obtained as a functien of inlet-velocity ratio with the propeller oper~-.
ating, 1deal and platform junctures, and with the propeller removed.

DISCUSSION

A comparison of the recoveries obtailned with the ideal Jjuncture,
the platform juncture, and with the propeller removed (fig. 23) shows
that the addition of the propeller to the basic cowling-spinner combi-
nation resulted 1n an appreciable decrease 1n recaovery due to thickening:
of the gpimner boundary layer and other propeller interference effects.
Little difference exists between the recoverles obtained for the two
types of propeller-gpinner Junctures except for a blade angle of 40°.

At this propeller blade angle, operstion with the platform juncture
resulted in increased recoveries over that.for the ideal Juncture. -

The reagon for the superior recoveries obtalned with the platform-
type juncture may be ascertalned by a study of the recovery distributions
presented in figures 8 to 16. It may be noted that at a blade angle
of 40° (figs. 1k, 15, and 16), higher recoveries were obtained near the
inner surface of the duct with the platform Juncture than were obtalned
with the 1deal. This increage in recovery 1s believed to have resulted -
from elther of the following conditlions or from a caombination of both:
the gpinner boundary layer becomlng energized due to a vortex generated
(reference 8) at the gap between the fixed and movable portions of the _ .
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propeller blade, or to this fixed portion being operated at & more
favorable angle than the equivalent propeller section for the ideal
Juncture.

A further comparison of the recoveries presented in figure 23 shows
that, with the exceptlon of the platform-type juncture with the propeller
blade angle of 400 the recoveries with the propeller operating decreased
rapidly at inlet-velocity ratios below 0.8. At inlet-velocity ratios
above 0.8, the ram-recovery ratios were not affected by further increases
in inlet-velocity ratio. In the case of the platform Juncture with
the propeller blade angle at hoo, recoveries remained relsatively constant
at inlet-velocity ratios above 0.6. Below an inlet-velocity ratio
of 0.6, thé recoveries decreased rapidly. Recoveries in excess of
90 percent were chtained (figs. 19 and 20) at inlet-velocity ratios
above 0.6 for propeller blade angles of 60° and 50°. For a propeller
blade angle of 40O, recovéries. in excess of 90 percent were obtained at
inlet-velocity ratios above 0.7 for the i1deal juncture and 0.5 for the
platform juncture. With the propeller removed, the recoveries decreased
rapidly at inlet-velocity ratios below O.4t with recoveries greater than
96 percent being obtained at inlet-velocity ratios above 0.4 (fig. 23).

The effect of advance-diameter ratlio and the effect of Mach number
(propeller operating) on the ram-recovery ratios was quite small
(figs. 17 to 22), resulting in minor Iincreases in recovery with either
a decreasing advance-diameter ratio or a decreasing Mach number. The
largest change in recovery with advance-diameter ratio occurred for a
propeller blade angle of 40° due to the wider range of thrust coefficients
at which this blade angle was operated. With the propeller removed, no
eppreciable effects of Mach number were apparent.

. The data of reference 3, presenting the effect, at low Mach numbers,
of an eight-blade dual-rotation propeller operating ahead. of the
NACA 1-62.8-070 D-cowl, show less effect of the operating propeller and
greater effect of advance-diameter ratio on the ram-recovery ratio .
then do the data of this present investigation, This 1s believed to
be due to the difference in shape of the single and dual-rotation
spilnners and to the differences arising from the operation of single
and duel-rotation propellers. However, the results showing a comparison
of the effects of the idesl arnd platform (with gap out of spinner bound-
ary layer) propeller-spinner Junctures of reference 3 are similar to
those obtained with the two types of Juncture used in this investigation.

There is a possibility that the recoveries obtained with the ideal
Juncture might have been influenced by the abrupt change in thickness
ratio at about 15 percent of tHe propeller radius (figs. 3 and 4). It
is felt that higher recoveries might be obtained with & smoothly faired
extension of the propeller, in order to eliminate the possibility of
seperation resulting from the oblique ahgle of air flow relative to the

daiiSRalinaeny
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discontinuity. In the case of the platform Jjuncture, it is believed
that this same discontlinuity in thickness would have no effect on the
pPregsure recoveries at propeller blade angles ‘¢ther than the design :

condition. - . == I T T T T T T

CONCLURING REMARKS oo

the propeller-spinner Junctures on the pressure-recovery characteristics
of an NACA l-series D type cowl in combination w1th an NACA l series

spinner. T _ o - T T S T ST/

For the basic. cowling-spinner combination with the propeller
removed, the . .ram-recaovery ratio measured in the duct Anlet was greater
than 0.96 at inlet-velocity ratios greater than 0.4 and was not affected:
by compressibility within the range of Mach numbers covered in this
investigation. At inlet-velocity ratios less than 0.4, boundary-layer X
build up over the spinner caused large lossee in recovery at the inner P e
gurface of the duct. o

Little difference.was obtained in the ram-recovery ratiocs for the
ideael and platform juniétures, except for & propeller blade angle of. hO
where the platform -juncture. was superior to the ideal Jjuncture. :

The addition of .an operating propeller to the basic cowling-spinner .
combination resulted. in a deecrease in pressure retéovery and required an
increase in the. inlet-velocity ratio in crder to avoid excessive losses'
in the duct. S e

With the propeller operstlng shead of the inlet, the ram-recovery
ratio increased with increasing inlet-velocity ratio up to an inlet-
velocity ratio of 0.8, except for the platform Juncture with the . 2T
40° propeller blade angle. ‘Above this value, inlet-velocity ratio had ~- .. _"T7°%
little or no effect omr the ram-recovery ratio. .  For the platform Junvture s
with the propeller blade angle at hOO, the presgure recoveries were rela- T
tively constant above an inlet-velocity ratio of 0.6. Below an inlet- =
veloeity ratio of 0.6, the recoveries decreased-rapidly.

The effect of advance=diameter ratic.and the effect of Mach number oz
(propeller operating) on the pressure recoveries was quite small. _ ~ e

Ames Aerocnautical Laboratory,
Nationsl Advisory Committee for Aeronautics
Moffett Field, Calif. ST L T LT
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Flgure l.— The model mounted on the 1000-horsepower dynamometer in the’
1200t pressure wind tumnel,

J
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NACA 4-(5)(05)-04/
/ Singfe roltation propeller
j (developed plan form)

Note: Dimensions shown in inches.
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Figure 2. — Mode/ arrangement.
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Blade thickness raltio , h/b
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Figure 4,— Ideal propeller—spinner Juncture; B, 60°,
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Figure 5.— Platform propeller—spimmer Juncture; B, 50°.
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Figure 6.~ Close-up of the model showlng pressure-rake locations.
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